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doi:10.1016/j.pedneo.2011.06.001Background: Neonatal mortality remains a major contributor to death among children younger
than 5 years in developing countries. This study was undertaken to determine the neonatal
mortality rate (NMR), causes of death, and associated risk factors among hospital live births
in a suburban population in Nigeria.
Patients and Methods: A total of 1058 consecutive live newborns at Adeoyo Maternity Hospital,
Ibadan, were enrolled at birth and followed up in their homes for 28 days. The causes of death
were extracted from hospital records, and verbal autopsy was used to determine the causes of
death outside the hospital.
Results: The NMR was 32.1 per 1000 live births. The leading causes of death were severe peri-
natal asphyxia (79.4%), low birth weight (LBW: 55.9%), and infections (41.2%). The associated
risk factors were lack of antenatal care [relative risk (RR)Z 45.18; 95% confidence interval
(CI)Z 7.80, 261.60]; prolonged rupture of membranes (RRZ 4.47; 95% CIZ 1.95, 10.25);
maternal peripartal fever (RRZ 5.42; 95% CIZ 2.35, 12.52); prematurity (RRZ 7.53; 95%
CIZ 4.91, 11.55); and LBW (RRZ 5.50; 95% CIZ 3.88, 7.80).
Conclusion: NMR is high among hospital live births in Ibadan. There is a need for programs
encouraging the use of antenatal care, improving skills on neonatal resuscitation and care of
LBW infants; as well as implementation of community-based newborn survival strategies.
Copyright ª 2011, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.t of Paediatrics, College of
PMB 5116, Ibadan, Nigeria.
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The first 28 days of life are a vulnerable period when infants
are highly susceptible to illness and death.1 About 40% of
the 10 million annual deaths among children younger thaned by Elsevier Taiwan LLC. All rights reserved.
244 A.O. Adetola et al5 years occur during the neonatal period.2 This is twice as
high as the number of deaths attributable to HIV/AIDS.1
Although HIV/AIDS receives global attention, this is not
the case with neonatal deaths. Almost all (99%) of the
neonatal deaths occur in developing countries, with two-
thirds occurring in Africa and South East Asia.3 High
neonatal mortality rates (NMRs) remain a public health
problem in developing nations, especially in sub-Saharan
Africa because of poverty and poor access to health
services.4 Nigeria’s NMR is 48 per 1000 live births, whereas
infant and under five mortality rates are 100 and 210 per
1000 live births, respectively.5 The fourth Millennium
Development Goal (MDG-4), which commits the interna-
tional community to reduce under five mortality rate by
two-thirds of the 1990 figures by 2015,6 cannot be achieved
without a significant reduction in neonatal mortality. The
sad fact, however, is that the causes of most neonatal
deaths are largely preventable, especially in countries like
Nigeria.
Most of the neonatal deaths in developing countries are
not recorded in formal vital registration systems; hence,
data mostly reported in published literature and technical
reports are estimates from national demographic surveys.7
Population-based studies about neonatal deaths in coun-
tries with high mortality rates are largely dependent on
verbal autopsy.8 In Nigeria, available data on neonatal
mortality are scanty; most studies are institution based
and very often retrospective in design. This prospective
community-based study was, therefore, undertaken to
assess the magnitude of the problem and identify associ-
ated factors and causes. The data generated may inform
the formulation of appropriate preventive measures and
policies to reduce NMR and consequently give support to
the achievement of MDG-4.2. Materials and Methods
Adeoyo Maternity Hospital is a secondary government
health facility located in an urban area of Ibadan, the
capital of Oyo State in southwestern Nigeria. Ibadan has
a population of more than 2 million people and an annual
birth rate greater than 80,000. The hospital is the largest
and oldest of the four government-owned secondary health
facilities in Ibadan and provides maternity care to a large
number of women from different social classes in the
community. It also serves as a referral center for the private
clinics and primary health centers in the 11 local govern-
ment areas of the city and other parts of the state. The
hospital has a newborn unit for babies born within and out-
side the hospital. Available facilities in the unit include
incubator care and phototherapy units. Categories of babies
admitted include low-birth-weight (LBW) babies without
other problems, babies with neonatal jaundice, and those
with maternal risk factors for sepsis, who are admitted for
investigation and treatment. Babies with very LBW, severe
perinatal asphyxia, or severe respiratory distress are
referred to a tertiary health facility. The unit observes
infection-control measures, such as hand washing; restric-
tion of visitors; and use of individual instruments, such as
tapes, thermometers, and stethoscopes. Instruments thatare shared, such as weighing scales, are cleaned before
each use. There are no facilities for mechanical ventilation,
blood gas analysis, or intensive monitoring; hence, babies
requiring such levels of care are referred to the nearest
tertiary facility. Ethical clearance for this study was
obtained from the University of Ibadan/University College
Hospital joint ethical review committee.
A total of 1142 consecutive babies delivered in the
hospital between October 2006 and January 2007 were
enrolled for the study after consent had been obtained
from their mothers. Using a semistructured questionnaire,
information on sociodemographic profile, past obstetric
history, and antenatal care (ANC) were obtained from the
mothers. Information on labor and delivery was obtained
from the hospital delivery records. Birth weight was taken
immediately after birth using a Seca 354 electronic
weighing scale (Seca gmbh & Co., Hamburg, Germany), and
length and occipitofrontal circumference were measured
using an infantometer and a nonstretchable measuring
tape, respectively. Gestational age was obtained from the
date of the mother’s last normal menstrual cycle in
conjunction with the first trimester ultrasound scaneesti-
mated gestational age, where available. At 2 weeks and 4
weeks of life, babies were visited at their homes in the
community by trained home visitors. Where neonatal death
had occurred, the likely cause or causes of death was
determined using a validated verbal autopsy question-
naire.9 Babies admitted to the hospital’s neonatal care unit
or referred out were also followed up twice weekly until
discharged and subsequently at 2 weeks and 4 weeks of life
where applicable. Causes of death in the hospital setting
were documented from the case records.
The data was analyzed using SPSS 11.0 for Windows (SPSS
Inc., Chicago, IL, USA). Categorical variables were analyzed
using the Chi-square test, whereas continuous variables
were analyzed by Student t test and logistic regression
analysis to account for possible confounding effects. The
level of statistical significance was set at p< 0.05.3. Results
Of the 1160 live-born infants, 1142 infants (98.5%) were
recruited during the study period; 8 mothers did not give
consent, whereas 10 mothers were discharged before they
could be recruited. A total of 1058 neonates were success-
fully followed up until the end of the neonatal period, out of
which 521 (49.2%) were males (male:femaleZ 0.97:1).
Eighty-four infants could not be located at the given
addresses and were excluded from the analysis. The
mothers were aged 15e48 years with a mean (standard
deviation) of 27.5 (5.2) years. Most of the mothers were
marriedd996 (94.1%)dand 1036 (97.9%) had at least
primary education. Twenty-six mothers had cesarean
deliveries (89% were emergency cases). The indications for
cesarean delivery were fetal distress (nine), multiple
gestations with any other complication (seven), prolonged
labor (three), cephalopelvic disproportion (two), severe
hypertension (two), previous cesarean delivery (two), and
placenta previa (one). Nine hundred and forty-eight (89.6%)
infants were born at term; 80 (7.6%) were preterm
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postterm (gestational age 42 weeks). The mean (standard
deviation) birth weight was 2.94 kg (0.5 kg), mean length
was 47.6 cm (3.2 cm), and mean occipitofrontal circumfer-
ence was 33.8 cm (2.07 cm).
3.1. Neonatal mortality rate
Overall, 34 deaths occurreddan NMR of 32.1 per 1000 live
births.
3.2. Maternal factors associated with neonatal
death
Being a single mother was the only demographic factor
that showed significant association with neonatal death
(Table 1). There was a higher proportion of neonatal deaths
among teenage mothers, but this was not statistically
significant.
3.3. Obstetric and peripartal factors associated
with neonatal death
The risk of neonatal death was markedly increased among
mothers who did not receive ANC and moderately increased
among those who had ANC in other hospitals outside the
study center (Table 2). Previous history of neonatal deaths
and parity was not associated with increased rates of
neonatal death. Among the neonatal deaths, 13 mothers
had some illness during the pregnancy. The maternal illness
associated with the highest number of neonatal deaths was
malaria (nine cases), other illnesses included one case each
of anemia in pregnancy, pregnancy-induced hypertension,
urinary tract infection, and HIV/AIDS. All the peripartalTable 1 Maternal factors associated with neonatal death.
Characteristics No. of live births
Maternal age (y)
15e19 (adolescent) 54
20 1004
Marital status
Single 62
Married 996
Level of education
No formal education 22
Primary/incomplete secondary 369
Secondary/technical/Grade II 430
Postsecondary but not university 199
University/postgraduate 38
Social class
I 9
II 140
III 509
IV 384
V 16factors shown in Table 3 significantly contributed to the risk
of neonatal death.
3.4. Neonatal characteristics associated with
neonatal death
The median gestational age was 39 weeks (rangeZ 29e43
weeks) for survivors and 37 weeks (rangeZ 28e43 weeks)
for those who died (pZ 0.000). The median birth weight
was 3.0 kg (rangeZ 1.2e4.5 kg) for survivors and 2.2 kg
(rangeZ 0.8e4.1 kg) for those who died (pZ 0.000). There
was no statistically significant association between gender
and risk of neonatal death; however, prematurity [relative
risk (RR)Z 7.53; 95% CIZ 4.91, 11.55] and LBW (RRZ 5.50;
95% CIZ 3.88, 7.80) were significantly associated with
neonatal death (Table 4). Low-birth-weight-specific NMR
was 154.5 per 1000 live births, whereas that of normal-
weight babies was 16 per 1000 (Table 4).
3.5. Attributable causes of death
Severe perinatal asphyxia (defined as an Apgar score of 3 or
less at 1 minute) had the highest attributable risk of death,
followed by LBW (Table 5). Infections contributed to 50% of
deaths among LBW babies (all babies with clinical signs
consistent with sepsis with or without positive cultures
were presumed to have infections).
3.6. Timing of neonatal deaths
Most (82%) of the neonatal deaths occurred in the first 7
days of life, with 19 (56%) deaths in the first 24 hours of life
and nine (26%) between Day 2 and Day 7. Six (18%) died
between Day 8 and Day 28 (Figure 1).Died Survived c2 p
n (%) n (%)
3 (5.6) 51 (94.4) 1.003 0.316
31 (3.1) 973 (96.9)
5 (8.1) 57 (91.9) 4.983 0.026
29 (2.9) 967 (97.1)
1 (4.5) 21 (95.5) 1.920 0.751
13 (3.5) 356 (96.5)
15 (3.5) 415 (96.5)
5 (2.5) 194 (97.5)
0 (0) 38 (100)
0 (0.0) 9 (100) 7.803 0.099
1 (0.7) 139 (99.3)
17 (3.3) 492 (96.7)
14 (3.6) 370 (96.4)
2 (12.5) 14 (87.5)
Table 2 Obstetric factors associated with neonatal death.
Characteristics Died Survived p RR 95% CI
n (%) n (%)
Antenatal status
Booked for ANC 31 (2.9) 1022 (97.1) 0.000* 45.18 7.80, 261.60
Unbooked 3 (60.0) 2 (40.0)
Booking place
Adeoyo Maternity Hospital 26 (2.6) 957 (97.4) 0.049 2.86 0.13, 0.95
Other facilities 5 (7.1) 65 (92.9)
Gestational age at booking
1st trimester 2 (3.8) 51 (96.2) 0.959* 1.31 0.31, 5.65
>1st trimester 29 (2.9) 971 (97.1)
Previous neonatal deaths
Yes 1 (1.9) 52 (98.1) 0.909* 0.59 0.08, 4.32
No 21 (3.2) 638 (96.8)
Maternal illness
Yes 13 (4.1) 302 (95.5) 0.365 1.48 0.73, 2.99
No 21 (2.8) 722 (97.2)
Birth interval (mo)
<24 4 (3.5) 109 (96.5) 0.996* 1.19 0.39, 3.57
24 18 (3.0) 581 (97.0)
* Fisher’s exact test used.
ANCZ antenatal care; CIZ confidence interval; RRZ relative risk.
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Table 6 shows the logistic regression model for potential
predictors of neonatal deaths among the study population.
After controlling for all variables associated with deaths
among neonates, severe perinatal asphyxia, presence of
congenital malformations, and the need for resuscitation
with intermittent positive pressure ventilation and oxygen
remained as independent predictors of neonatal death. A
neonate with severe perinatal asphyxia compared with
a nonasphyxiated one was 58.45 (95% CIZ 7.52, 184.28)
times more likely to die. The neonates with congenital
malformations were 73.64 (95% CIZ 7.88, 187.67) times
more likely to die compared with those with no malfor-
mations. Also, neonates who required to undergo resusci-
tation with intermittent positive pressure ventilation and
oxygen were 7.87 times (95% CIZ 1.13, 54.96) more likely
to die compared with those who did not. The Wald esti-
mates were used to measure the “importance” of the
contribution of each variable in the model. Severe perinatal
asphyxia had the highest value and maternal perinatal
fever had the lowest value among independent predictors
of death.
3.8. Health-seeking behavior and neonate
mortality after initial hospital discharge
In this study, 83.3% of sick babies who later died were taken
for medical care in primary and secondary health centers,
but the average duration of symptoms before presentation
was 3.4 days. In most cases (67.6%), home remedies,
including traditional medications, had been administeredbefore presentation at the hospital. Other factors that
delayed presentation in hospital were lack of funds (14.7%)
and, in one case, failure to recognize the symptoms of
illness.
4. Discussion
This study has determined the burden and factors associ-
ated with neonatal mortality in an urban community in
Nigeria. The NMR of 32.1 per 1000 live births is similar to
the 37.6 reported by Lawoyin10 in a 5-year study based in
a rural community in the same region of the country 10
years earlier and is within the regional range for sub-
Saharan Africa.1 The regional estimate for the state is 39
per 1000 live births (based on the 2003 National Demo-
graphic Health Survey); however, the rate is lower than the
national estimate of 48 per 1000 live births for Nigeria8 and
estimates from other developing countries, such as
Kenya,11 The Gambia,12 Bangladesh,13 and India.9 The
disparity in NMR across Nigeria (37 and 60 per 1000 live
births between rural and urban populations, respectively,
and 34 and 61 per 1000 live births between south east and
north east, respectively)14 had always existed and had been
attributed to lack of equity in the distribution of health care
facilities. It is worthy of note that no significant improve-
ment has occurred even within the same region of the
country in a decade, and this underscores the need to
address the issue of neonatal mortality if Nigeria, and
indeed Africa, is to make significant progress toward
achieving MDG-4. It has been established that even with
poor resources, significant improvement in newborn survival
can be achieved; hence, the introduction of the integrated
Table 3 Peripartal factors associated with neonatal deaths.
Characteristics All birth Died Survived p RR 95% CI
N n (%) n (%)
Liquor drainage before delivery (h)
24 74 8 (10.8) 66 (89.2) 0.001 4.47 1.95, 10.25
<24 984 26 (2.6) 958 (97.4)
Nature of liquor
Meconium stained 29 5 (17.2) 24 (82.8) 0.000 7.18 2.56, 20.15
Normal 1029 29 (2.8) 1000 (97.2)
Maternal perinatal fever
Yes 63 8 (12.7) 55 (87.3) 0.000 5.42 2.35, 12.52
No 995 26 (2.6) 969 (97.4)
Presentation
Breech 56 7 (12.5) 49 (87.5) 0.000 5.16 2.14, 12.43
Cephalic 1002 27 (2.7) 975 (97.5)
Mode of delivery
Cesarean 26 4 (15.4) 22 (84.6) 0.003* 6.07 1.97, 18.70
Vaginal 1032 30 (2.9) 1002 (97.1)
No. of fetus
Multiple 64 6 (9.4) 58 (90.6) 0.011 3.57 1.42, 8.96
Single 994 28 (2.8) 966 (97.2)
Apgar scores at 1 min
3 45 24 (53.3) 21 (46.7) 0.000 54.0 27.5, 106.1
>3 1013 10 (1.0) 1003 (99.0)
Resuscitation required
IPPVþ O2 37 21 (56.8) 16 (43.2) 0.000 44.6 24.3, 81.5
Airway suctioning only 1021 13 (1.3) 1008 (98.7)
* Fisher’s exact test used.
CIZ confidence interval; IPPVZ intermittent positive pressure ventilation; RRZ relative risk.
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essential newborn care interventions, is necessary. At
present, all the interventions in this health care strategy for
neonates have low coverage in Nigeria.14Table 4 Deaths based on neonate characteristics.
Characteristics Died
n (%)
Gender
Male 17 (3.3)
Female 17 (3.2)
Total 34 (3.2)
Gestational age
Preterm (<37 wk) 16 (20)
Term (37e42 wk) 17 (1.8)
Postterm (>42 wk) 1 (3.3)
Birth weight (kg)
<1.0 3 (100.0)
1.0e1.49 6 (54.5)
1.5e2.49 10 (9.1)
2.5e3.99 13 (1.4)
4.0 2 (8.7)Contrary to the well-documented survival advantage of
female babies over males, this study showed no significant
sex difference in mortality. Studies from different locations
in the country, however, showed variations in sexSurvived c2 p
n (%)
504 (96.7) 0.008 0.929
520 (96.8)
1024 (96.8)
64 (80) 78.62 0.000
931 (98.2)
29 (96.7)
0 (0.0) 207.3 0.000
5 (45.5)
100 (90.9)
898 (98.6)
21 (91.3)
Table 5 Attributable causes of death.
Characteristics All births Died Survived p RR 95% CI Pop AR
n n % n %
Low birth weight
Yes 123 19 15.4 104 84.6 0.000 11.20 5.53, 22.72 0.50
No 935 15 1.6 920 98.4
Severe asphyxiaa
Yes 43 27 62.8 16 37.2 0.000 243.01 92.4, 639.1 0.79
No 1015 7 0.7 1008 99.3
Infectionb
Yes 20 10 50.0 10 50.0 0.000 42.30 16.1, 110.9 0.28
No 1038 24 2.3 1014 97.7
Respiratory distress
Yes 32 14 43.8 18 56.3 0.000 39.10 17.1, 89.4 0.35
No 1026 20 1.9 1006 98.1
Macrosomia
Yes 23 2 9.7 21 91.3 0.167* 2.98 0.67, 13.28 0.04
No 1035 32 3.1 1003 96.9
Meconium aspiration
Yes 3 1 33.3 2 66.7 0.093* 15.49 1.37, 175.1 0.01
No 1055 33 3.1 1022 96.9
Congenital malformation
Yes 9 5 55.6 4 44.4 0.000a 43.9 11.2, 172.2 0.14
No 1049 29 2.8 1020 97.2
* Fisher’s exact test used.
a Severe asphyxia: defined as Apgar score of 3 or less at 1 minute.
b Infection: babies with clinical signs consistent with sepsisþ positive blood cultures.
CIZ confidence interval; Pop ARZ population attributable risk; RRZ relative risk.
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that health-seeking behavior may differ according to local
cultural factors and highlight the importance of designing
interventions based on the understanding of local customs
and attitudes toward the newborn.
More than half (56%) of the neonatal deaths in this study
occurred among LBW infants with a seven times higher risk
of death among preterm compared with term babies, which0
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Figure 1 Daily neonatal mortality rate.corresponds to the findings from studies in other parts of
Nigeria15,16 and sub-Saharan Africa.10,17 In addition to pre-
venting LBW, improved survival of LBW infants may be
readily achieved even at the community level by low-
technology essential newborn care interventions aimed at
providing warmth, adequate nutrition, and prevention of
infection. This highlights the need to urgently improve
the education of expectant mothers and the training of
antenatal and maternity service providers on the appro-
priate basic skills to care for such babies within their
communities to reduce newborn deaths. Strategies, such as
home-based care by trained community health workers
without necessarily increasing the number of staff or
government spending, have been shown to successfully
reduce newborn deaths in other developing countries with
weak health care systems and low health care service
utilization.18,19
Lack of ANC was an important factor associated with
neonatal death in this study as poor supervision of preg-
nancy and failure to prevent, detect, and treat maternal
illnesses, such as malaria, increase the risk to the baby. It
is, therefore, crucial to identify and address the factors
militating against proper utilization of the few available
health facilities to significantly reduce neonatal mortality.
The need for an improvement in the obstetric care of
expectant mothers and neonatal resuscitation skills in
this environment is evident as asphyxia continues to be
Table 6 Logistic regression model for potential predictors of neonatal deaths.
Variables B Wald p OR 95% CI for OR
Severe perinatal asphyxia (yes) 4.068 15.121 0.000 58.45 7.52, 184.28
Congenital malformations (yes) 4.299 14.22 0.000 73.64 7.88, 187.67
Resuscitation required (IPPVþO2) 2.063 4.330 0.037 7.87 1.13, 54.96
Maternal perinatal fever (yes) 2.511 3.424 0.064 0.08 0.01, 1.160
Infections (yes) 1.754 2.098 0.147 5.77 0.54, 61.97
Respiratory distress (yes) 1.407 2.021 0.155 0.24 0.04, 1.70
Presentation (breech) 1.281 1.889 0.169 3.60 0.58, 22.38
Place of booking (other facilities) 1.244 1.455 0.228 3.47 0.46, 26.19
Low birth weight (yes) 0.939 0.761 0.383 2.55 0.310, 21.10
Apgar scores at 1 min (3) 0.916 0.682 0.409 0.40 0.05, 3.52
Birth weight (kg) 0.578 0.496 0.481 0.56 0.11, 2.80
Mode of delivery (cesarean) 0.645 0.273 0.601 1.91 0.17, 21.43
Liquor drainage before delivery (24 h) 0.399 0.163 0.686 0.67 0.09, 4.66
No. of fetuses (multiple) 0.432 0.147 0.701 0.65 0.07, 5.92
Marital status (single) 0.403 0.138 0.711 1.49 0.18, 12.56
Gestational age (wk) 0.041 0.081 0.776 0.96 0.72, 1.27
Nature of liquor (meconium stained) 0.360 0.068 0.794 1.43 0.09, 21.32
Constant 2.604 0.210 0.647 0.07
CIZ confidence interval; IPPVZ intermittent positive pressure ventilation; ORZ odds ratio.
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skills, up to 90% of the babies who die because of asphyxia
might be saved.
Intrapartum problems, such as prolonged rupture of
membranes, peripartal fever, and meconium-stained or
foul-smelling liquor, were factors that increased the risk of
neonatal deaths. These factors predispose the newborn to
significant risk of infection, which is known to contribute
significantly to the burden of neonatal deaths globally.1 It
is, thus, essential to emphasize these as danger signs to
pregnant mothers and ensure clean delivery practices to
reduce the prevalence of neonatal infections. As with
previous studies, it was observed that breech presentation
had five times higher risk of neonatal death compared with
cephalic presentation. To reduce the contribution of this
and other intrapartum complications to newborn deaths,
improved peripartal care (including training of staff to
recognize danger signs) and efficient referral system are
required for pregnant mothers so that such high-risk preg-
nancies are delivered in health centers that are adequately
equipped with manpower and materials to handle compli-
cations and emergencies.
This study provides a reliable indication of where efforts
and additional resources should be deployed for maximum
impact on reducing NMR. These include good ANC coverage,
prevention of perinatal asphyxia, and training on the care
of preterm as well as LBW deliveries. Training in neonatal
resuscitation skills and provision of basic resuscitation
equipment, as well as implementation of roll back malaria
policies to reduce preterm and LBW deliveries are all
feasible within the existing framework of even primary
health care delivery.
In conclusion, neonatal mortality remains high in this
environment because of the lack of ANC, intrapartum
complications, asphyxia, prematurity, LBW, infections,
failure to recognize danger signs, and late presentation of
sick newborns to health care facilities. Introduction ofcommunity/home-based care for pregnant mothers and
newborns within the existing health care setup as well as
immediate scaling up and the uptake of the integrated
maternal newborn and child health care strategy of the
federal government are recommended as an immediate
panacea to the problem of neonatal mortality.
Although the present cohort of babies cut across every
social level in the society, the results may still underesti-
mate the actual burden of neonatal mortality because it
does not include those delivered at home or in other
unorthodox places, where the quality of obstetric and
perinatal care are likely to be poor; thus, more elaborate
community-based surveys are suggested.
Further studies are also suggested to identify the factors
responsible for nonutilization of the available health care
facilities forbothobstetricandnewborncareas lackofANCand
delay in seeking hospital care for sick newborns despite being
born in the hospital contribute to the risk of neonatal death.
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